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COMPLETE SPECIFICATION 

Dialdehyde Polysaccharide Compositions 

We, Aln.ES Laboratories Inc., a corporation organised and existing under the 
laws of the State of Indiana, United States of America, of 1127 Myrtle Street, Elkhart, 
Indiana, United States of America, do hereby declare the invention, for which we pray 
that a patent may be granted to us, and the method by which it is to be performed, to 
5 be particularly described in and by the following statement: — 

This invention relates to a form of dialdehyde polysaccharide which is soluble in 
water at room temperature and to a process of preparing such material. More particu- 
larly, this invention relates to a spray dried reaction product of a dialdehyde poly- 
saccharide and a hypochlorite oxidized polysaccharide or a condensation product of 
10 dicyandiamide and formaldehyde or a mixture of the oxidized polysaccharide and the 

condensation product. 

Dialdehyde polysaccharides are well known in the art. Such materials are fre- 
quently referred to as periodate oxidized polysaccharides because of their preparation 
by the well known oxidation of polysaccharides with periodic acid. This preparation 
15 can be illustrated by the conversion of a polysaccharide, such as starch, to dialdehyde 

starch or periodate oxidized starch using periodic acid in accordance with the follow- 
ing equation: 
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with from 15 to 30 pans by weight of a condensation product of dicyandimide and 
formaldehyde or from 15 to 30 parts by weight of a hypochlorite oxidized poly- 
saccharide or with a mixture of 7.5 to 15 parts by weight of the condensation product 
and from 7.5 to 15 parts by weight of die hypocnlorite oxidized polysaccharide. 

One class of the novel compositions of the present invention comprises the finely 
divided solidified reaction products of from 70 to 85 parts by weight dialdehyde poly- 
saccharide wherein from 0.5 to 100 units out of each 100 of the original anhydro- 
glucose units of the polysaccharide have been oxidized to dialdehyde units represented 
by the formula : 



CH 2 OH 

CH - CH - O - CH - O - 
f i 
CHO CHO 
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with from 7.5 to 15 parts by weight of hypochlorite oxidized polysaccharides, and 
from 7.5 to 15 parts by weight of a condensation product of dicyandiamide and form- 
aldehyde. Preferably the compounds of the present invention are formed from di- 
aldehyde polysaccharides which are from 90 to 100 percent oxidized. The preferred 
compounds contain 70 parts by weight dialdehyde polysaccharides, 15 parts by weight 
hypochlorite oxidized polysaccharides and 15 parts by weight of a condensation product 
of dicyandiamide and formaldehyde. In addition, the preferred finely divided solidified 
products are spray-dried. 

This first class of composition can be prepared by mixing in water 70 to 85 parts 
by weight, preferably 70 parts by weight, dialdehyde polysaccharides, from 7.5 to 15 
parts by weight, preferably 15 parts by weight, hypochlorite oxidized polysaccharides 
and from 7.5 to 15 parts by weight preferably 15 parts by weight, of a condensation 
product of dicyandiamide and formaldehyde to form a slurry, containing 15 
to 25 weight percent solids, heating the slurry with stirring to 90 to 100° C, 
maintaining the slurry at 90 to 100° C. with stirring for 5 to 15 minutes until 
the dispersion of the solid material is complete, cooling the dispersion to 70° C, 
adjusting the pH of the dispersion to 4 to 5.5 and then drying the dispersion, prefer- 
ably by spray-drying, and collecting the finely divided solidified product. Preferably 
the dispersion temperature is 95 to 97° C. Preferably the pH of the dispersion is 
adjusted to 43 to 4.5 before spray-drying. If the highly acid dispersion obtained by 
the above process is not adjusted to the above proper pH values before spray-drying, 
the resulting spray-dried solid product is not easily redispersible in water at room 
temperature. The pH is adjusted by well-known techniques, such as adding minor 
amounts of sodium hydroxide, sodium carbonate, borax and dibasic sodium phosphate. 
Typical spray-drying techniques and apparatus are employed in spray-drying the above 
prepared dispersion. The alkalinity of the water employed to prepare the dispersions 
is not critical in the present invention whereas the prior an dispersion processes were 
quite sensitive as to the alkalinity of the water. 

Another class of the novel compositions provided by the invention comprises the 
finely dividid solidified reaction product of from 15 to 30 parts by weight hypochlorite 
oxidized polysaccharides and from 70 to 85 parts by weight dialdehyde polysaccharides 
wherein from 0.5 to 100 units out of 100 of the original anhydroglucose units of the 
original polysaccharides have been oxidized to dialdehyde units as defined above. The 
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preferred compounds contain 70 parts by weight dialdehyde polysaccharides and 30 
parts by weight hypochlorite oxidized polysaccharides. 

The second class of novel compositions can be prepared by mixing 70 to 85 parts 
by weight, preferably 70 parts by weight, dialdehyde polysaccharides with from 15 to 

5 30 pans by weight, preferably 30 parts by weight, hypochlorite oxidized poly- 5 

saccharides in water to form a slurry containing 10 to 15 weight percent solids heating 
the slurry to 90° to 100° C, preferably 95 to 97° C 5 for 5 to 15 minutes with stirring 
until the dispersion of the solid material is complete, cooling the dispersion to 70 C, 
adjusting the pH of the dispersion to 4 to 5.5; preferably 4.3 to 4.5, and then drying 

10 the dispersion, preferably by spray-drying, and collecting the finely divided dried 10 

solidified product. If the dispersion obtained by the above process is not adjusted to 
the proper pH value before spray-drying, the resulting finely divided solid product is 
not easily redispersible in water at room temperature. The pH is adjusted by well- 
known techniques, such as adding minor amounts of sodium hydroxide, sodium car- 

15 bonate, borax, dibasic sodium phosphate and the like. ... • 

A further class of novel compositions provided by the invention comprise iJie 
finely divided solidified reaction products of 15 to 30, preferably 15 to 25, pare by 
weight of a condensation product of dicyandiamide and formaldehyde and 70 to 85, 
preferably 75 to 85 parts by weight dialdehyde polysaccharides wherein from 0.5 to 100 

20 Soils out of 100 of the original anhydroglucose units of the original I»^band" 
have been oxidized to dialdehyde units as defined above. Preferably the compounds of 
the present invention are formed from dialdehyde polysaccharides which are from 9C to 
WO percent oxidized. Some suitable compounds contain 70 parts by weight dialdehyde 
polysaccharides and 30 parts by weight of a condensation product of dicyandiamide 

25 and ^^^^ of novel ^positions ar e prepared by the novel process of mixing 
70 to 85, preferably 75 to 85 parts by weight dialdehyde polysaccharides with 15 to 
30, preferably 15-25 parts by weight condensation product of dicyandmmide and 
formaldehvdc in 300 to 500 parts by weight water to form a slurry containing 20 to 3U 
30 S SSt solids heating the slurry with stirring to 70 to 100° C. ma.ntain.ng 30 
fimrrV at 70 to 100° G with stirring for 10 to 15 minutes until **^p™ of 
the solid material is complete, cooling the dispersion to 70° G, adjusting the pH of the 
Km in 4 to 5.5 and then drying the dispersion preferably by spray-drying and 
5S the findy divided dried solidified product. Preferably the d.spersion tempera- ^ 
35 ture is 85-^5° G ^ ^ fa adjusted tQ 4 3 t0 4 5 before spray-drjing 

K the highly add dispersion obtained by the above process b not adjusted to the above 
proper pH values before spray-drying, the resulting finely divided solid product ,s not 

easily redispersible in water at room temperature. 

The dialdehyde polysaccharides to be used as starting materials to prepare the 40 
novel compounds y of &e present invention may be the dialdehyde derivatives of any 
Saccharide, such as com, wheat, rice, tapioca or potato starches, amyloses amylo- 
pectins ~ celluloses and gums. Of these polysaccharides, ilie d.aldehydc derivatives of 
^ "h known genetically as dialdehyde starch are the best known and most widely used. 
HowevS whe^fit is desired to have dialdehydes of other polysaccharides, these may 45 
£ uS as well. The dialdehyde polysaccharides used in the present invention can be 
from a5 to 100 percent oxidized, i.e. those wherein 0.5 to « 10C I of each 100 of the 
original anhydroglucose units have been converted to dialdehyde units such as by 
Jeriodate oxidation as above described. In general, it is preferred to use dialdehyde 
polysaccharide derivatives which are from 90 percent to 100 percent oxidized. 50 
P ^The hypochlorite oxidized polysaccharides to be used as starting materials to 
to prepare the novel compounds of the present invention are well-known in the art and 
are prepared by well-known procedures, such as treatment of starches with alkaline 
hypo^orite^ate ^ ^ dicyandiamide and forma i de hyde used as starting 55 

materials in preparing the novel compounds of the present invention _arc well-known in 
Se art Gcnfrally such condensation products are prepared oy mixing dicyandiamide, 
forn^deSdV^nd a catalyst, such as ammonium .chloride, and allowing the exothermic 
ruction to heat the mixture to 65 to 100° C. The dicyandiamide-formaldehyde con- 
donation product preferably employed in the present invention is prepared by forming 60 
an^Sucouf slurry of from 1.5 to 2.0 moles of formaldehyde and 1 mole of dicyandi- 
a^dT ad^g stepwise to the slurrry 0.3 to 0.6 moles of a catalyst, such as ammonium 
cZSe in founts to maintain the" temperature of the reaction mixture below 70° X 
and to maintain the pH of the reaction mixture initially between 1.0 and 2.5 and upon 
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completion of the reaction between 2.5 and 3.5, carrying out the reaction at a tempera- 
ture below 70° C. and pH below 3.5 until a water-soluble reaction product having an 
average molecular weight of 500 to 700 is obtained, and then cooling the reaction 
product to room temperature. Upon standing at room temperature the pH of the 

5 reaction mixture will gradually increase within 2 hours to 3.8 to 4.2. 5 

The dialdehyde polysaccharide products of the present invention are substantially 
free-flowing powder which are easily dispersed by simple mixing in water at room 
temperature. The alkalinity of the water is not critical but the pH of the final dis- 
persion is preferably 4.5 to 5.0. In addition when the condensation product of di- 

10 cyandiamide and formaldehyde is included the resulting dispersions arc cationic and 10 

readily couple to paper or paper pulp to aid in improving the dry and wet tensile 
strengths of the so-treated paper or paper resulting from the treated paper pulp. These 
powder products arc a distinct improvement over solidified dialdehyde polysaccharides 
obtainable in the prior an since the prior materials were not per se dispersible in water 

15 at room temperature and were not per se cationic. 15 

The process of the present invention is also a distinct improvement over the prior 
art since higher solids content can be employed in the dialdehyde polysaccharide slurry 
without gel formation. The time at dispersion temperature of 5 to 15 minutes is sub- 
stantially less than the 40 minutes generally used by the prior art to disperse the di- 

20 aldehyde polysaccharides alone. This feature enables the dispersion process, which was 20 
a batch technique in the prior art, to become a substantially continuous process, if 
desired. The present process has an additional advantage. When the reaction mixture 
slurry is heated to dispersion temperature, the dialdehyde polysaccharides and the 
hypochlorite oxidized polysaccharides pass directly from the solid phase to a liquid 

25 dispersed phase without passing through a swelling phase. The lack of swelling, which 25 
is always present with prior art dialdehyde polysaccharide . materials, enables equip- 
ment of smaller volume to be used for dispersion. 

When the products of the second class of compounds of the present invention are 
redispersed in water and are to be used to treat paper or paper pulp so as to improve 

30 the dry and wet tensile strengths of the resulting treated paper, it is generally necessary 30 
to also employ a cationizing agent to aid iii coupling the dispersed reaction product 
to the paper or paper pulp. These cationizing agents are well-known cationic stanches, 
polymeric amines and polyamides. The cationizing agent can be added first to paper or 
a slurry of paper pulp, followed by addition of the reaction product dispersion. Alterna- 

35 lively, the cationizing agent and the reaction product dispersion can be mixed together 35 

and this mixture applied to the paper or paper pulp. Illustrative examples of useful 
cationizing agents are condensation products of dicyandiamide and formaldehyde and 
water-soluble polyamide resins crosslinked with epichlorohydrin. 
The invention is further described in the following examples. 

40 Example I. 40 

To a 30 litre stainless steel kettle fitted with a steam and water jacket were charged 
20 litres of tap water and 0.6 kg. of dicyandiamide-formaldehyde condensation product 
prepared in accordance with the preferred procedure described. This rriixture was 
stirred about 3 minutes. To this were then added 2.8 kg. of dialdehyde corn starch 

45 (containing 9 to 10 weight percent moisture and about 90—98 percent oxidized) and 45 
0.6 kg. of hypochlorite oxidize dcorn starch (Douglas Clearsol Gum, Grade W, sold 
by Penick & Ford, Ltd). The resulting sluny was stirred for about 3 minutes. The 
reactants were employed in the ratio of 70 weight parts dialdehyde starch, 15 weight 
parts hypochlorite oxidized starch and 15 weight parts condensation product of di- 

50 cyandiamide and formaldehyde. Steam was then introduced to the kettle jacket and the 50 

stirring was continued. In about 10 minutes the slurry reached the desired temperature 
of 95° C. The temperature was maintained at this value for 15 minutes after which 
time the dispersion was complete. The dispersion was then cooled to about 70° C, the 
pH adjusted to 4.3 and then passed into a spray-drier having an inlet temperature of 

55 about 177° C. and 77° C. outlet temperature. The spray-dried product was collected 55 

in plastic bags. 

The utility of the above product is shown in the following example. 

Example II. 

A 50 g. portion of the product obtained in Example I was added to 950 ml. if 
60 distilled water at 26 to 28° Q and stirred until the finely divided materia! was 60 

thoroughly dispersed or dissolved (about 15 minutes). A portion of this cationic dis- 
persion was added to a bleached cellulosic Kraft pulp beaten to a Canadian Standard 
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Freeness of 450 cc. and which had been diluted to a consistency of 1.0 weight percent 
based on oven dry pulp. The cationic dispersion was added in an amount of 1.0 weight 
percent solids based on oven dry pulp. Handsheets having a basis weight of 40 lbs. for 
500 sheets 24 x 36 in. were prepared from this pulp on standard equipment, such as 

5 a Noble and Wood handsheet machine. These handsheets were conditioned at 21 to 5 

23° C. for 24 hours at 50±3 percent relative humidity. Test strips cut from these 
handsheets were then soaked in water at room temperature for 5 minutes and the wet 
tensile strength was measured by well-known techniques. The test procedure is 
described in TAPPI standard T 456 m-49. The wet tensile strength was 8.5 lbs/in. 

10 of width. Handsheets having the same basis weight but containing none of the cationic 10 
dispersion had wet tensile strength values of only about 1.76 lbs/in. of width. Tap 
water can also be used for forming rhe dispersion without affecting the tensile strength 
of the resulting treated paper. 

Example III. 

15 Handsheets were prepared according to the procedures of Example II above. Test 15 

strips cut from these handsheets were then tested for dry tensile strength according to 
TAPPI standard T 404 os-61. Handsheets containing the cationic dispersion had dry 
tensile strength of 29.2 lbs/in. width while handsheets which did not contain the 
cationized dispersion had dry tensile strength of only 24.6 lbs/in. width. 

20 Example IV. 20 

To a 30 litre stainless steel kettle fitted with a steam and water jacket were 
charged 22.0 litres of tap water and 0.75 kg. of a dicyandiamide-formaldehyde con- 
densation product prepared in accordance with the preferred procedure described. The 
mixture was stirred for about 3 minutes. Diaidehyde corn starch (4.25 kg.) containing 

25 9 to 10 weight percent moisture and about 90 to 98 percent oxidized was then added 25 

and the resulting slurry was stirred for about 3 minutes. The reactants were employed 
in the ratio of 85 weight parts diaidehyde starch to 15 weight parts of the condensation 
product. Steam was then introduced to the kettle jacket and the stirring was continued. 
In about 10 minutes the slurry reached the desired temperature of 95° C. The tem- 

30 perature was maintained at this value. A very thick gel formed after 2 minutes at 30 

95° C. and this gel remained for an additional 2 minutes. After about 6 to. 10 minutes, 
the dispersion was complete. The diseprsion was then cooled to about 70° C. 3 the pH 
adjusted to 4.3 to 4.5 and then passed into a spray-drier having an inlet temperature 
of about 177° C. and 77° C. outlet temperature. The cationic spray dried product 

35 was collected in plastic bags. 35 

The utility of the above product is shown in the following example. 

Example V. 

A 50 g. portion of the product obtained in Example IV was added to 1000 ml. 
of distilled water at 26 to 28° C. and stirred until the finely divided material was 

40 thoroughly dispersed or dissolved (about 15 min.). A portion of this dispersion of 40 

cationic diaidehyde starch was added to a bleached Kraft cellulosic pulp having a 
Canadian Standard Freeness of 525 ml. and which had been diluted to a consistency 
of 1.0 weight percent base on oven dry pulp. The cationic diaidehyde starch was added 
in an amount of 1 weight percent based on oven dry-pulp. Handsheets of this so- 

45 treated pulp were prepared on standard equipment, such as a Noble and Wood hand- 45 

sheet machine. These handsheets were conditioned at 22rizl c C. for 24 hours at 
50rtr3 percent relative humidity. Test strips cut from these handsheets were then soaked 
in distilled water at room temperature for 5 minutes and the wet tensile strength was 
measured by well-known techniques. The procedure followed is described in TAPPI 

50 standard T 456 m-49. The wet tensile strength was 7.51 lbs/in. of width. Handsheets 50 

having the same basis weight (40 lbs. for 500 sheets, 24 x 36 in.) but containing none 
of the above described cationic diaidehyde starch had wet tensile strength values of 
only about 1.82 lbs/in. of width. Increasing the dispersing time from 15 min. to 60 min. 
did not have any appreciable effect on the wet tensile strength of paper made from 

55 pulp treated with the cationic diaidehyde starch dispersion. Tap water can also be used 55 
for forming the dispersion without affecting the wet tensile strength of the resulting 
paper. 

Example VI. 

A reaction product was obtained by the method described in Example I by mixing 
60 in a water slurry 80 parts by weight of diaidehyde corn starch described in Example 60 

IV and 20 parts by weight of a condensation product of dicyandiamide and form- 
aldehyde prepared in accordance with the preferred procedure described. The spray- 
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dried product of this reaction was readily dispersed in distilled water at room tempera- 
ture and the dispersion employed to treat paper pulp and prepare cellulosic handshects 
as described in Example II. The resulting handsheets had wet tensile strength of about 
5.21. to 5.79 lbs/in. of width. Dispersing times of 15 to 60 min. at 26 to 27° C. were 
5 employed for the cationic dialdchyde starch added to die paper pulp. 5 

Example VII. 

A reaction product was obtained by the method described in Example I by mixing 
in a water slurry 75 parts by weight of dialdchyde corn starch described in Example 
IV and 25 parts by weight of a dicyandiamlde-formaldehyde condensation product 

10 prepared in accordance with the preferred procedure described. The spray^iried 1© 
product of this reaction was dispersed in distilled water at 26 to 27° C with dispersing 
time of 15 to 60 min., and the dispersion was employed to treat paper pulp and prepare 
cellulosic handsheets as described in Example II. The resulting handsheets had wet 
tensile strength of about 5.88 to 5.90 lbs./in. of width. 

15 It can be seen from the above examples that the finely divided solid product of the 15 

present invention can readily be dispersed in water at room temperature by simple 
mixing, and that the resulting cationic dispersion is useful in improving the wet tensile 
strength of paper. 

The finely divided dry product of the present invention is also quite stable upon 
20 storage. It has been stored at room temperature and 48dz3 percent relative humidity 20 
for 10 to 20 days and the stored produced could still easily disperse in room tempera- 
ture water. A dispersion of dialdchyde starch in water begins to form a gel and thus 
becomes unstable after 10 to 20 days storage. 

Use of the product of the present invention for treating paper of paper pulp 
25 also results in improved dry strength properties of the treated paper. This is shown 25 
in the following example. 

Example VIII. 

A reaction product was obtained as described in Example IV. The spray-dried 
product was readily dispersed in distilled water at room temperature and the dispersion 

30 employed to treat paper pulp and prepare handsheets as described in Example II. The 30 
paper pulp was a northern bleached cellulosic Kraft having a Canadian Standard 
Freencss of 410 cc. Samples of handsheets having the same basis weight (40 lbs/ream 
of 500 sheets, 24 x 36 in.) were also prepared wherein no cationic dialdehyde starch 
treatment was employed. Properties of the paper prepared both with and without 

35 cationic dialdehyde starch were then compared. The results are shown in the following 35 
table. 



Table I 


Weight 

Percent 

Cationic 

Dialdehyde 

Starch. 


Dry(') 

Tensile 

Strength, 

lbs/in. 

width 


Bursting 
Strength, 
lbs/sq.in. 
area 


Folding^) 

Endurance, 

Schopper 

Double 

Folds. 


0 


13.1 


57.5 


610 


1.0 


19.6 


100 


1550 



( 1 ) TAPPI Standard T 404 os-61. 

( 2 ) TAPPI Standard T 403 m-53 
C 3 ) TAPPI Standard T 423 m-50 



Example IX. 

Seventy (70) grams of a dialdehyde corn starch (containing 9 to 10 weight percent 
40 moisture and about 90 to 98 percent oxidized; plus 30 grams of hypochlorite oxidized 40 
corn starch (Douglas Clcarsol Gum Grade W. 3 sold by Penick & Ford, Ltd.) were 
mixed together and added to 900 ml. of tap water at 95° C. This mixture required 
5 minutes to disperse. This dispersion was then cooled to 70° C, pH adjusted to 4.3 
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15 



20 



and then passed into a spray-drier having an inlet temperature of About 177 C. and 
77° C. outlet temperature. The spray dried product was collected m platsic bags. 
The utility of the above product is shown in the following example. 

Example X. 

A 50 » portion of the product obtained in Example IX was added to 950 nil. of 
tao water at 26 to 28° C. and stirred for about 10 minutes at which time the finely 
divided material was thoroughly dispersed or dissolved. To this dispersion were added 
10 * of zirconium oxychloride as a cationizing agent. A portion of this catiomzed 
dispersion was added to a bleached cellluosic Kraft pulp having 450 cc Canadian 
standard Freeness and which had been diluted to a consistency of 1.0 weight percent 
based on oven dry pulp. The canonized dispersion was added in an amount of l.U 
weight percent solids based on oven dry pulp. Handsheets having basis weight of 
40 lbs for 500 sheets 24 x 36 in. were prepared from this pulp on standard equipment, 
such as a Noble and Wood handsheet machine. These handsheets were conditioned at 
21 to 23° C for 24 hours at 50±:3 percent relative humidity. Test strips cut from 
the handsheets were then soaked in water at room temperature for various periods ot 
time and then tested for wet tensile strength. The test procedure is described in 
TAPPI standard T 456 m-49. Some of the handsheets were stored and aged for 
several days at 21 to 23° C. (72d=2° F.) and 50 + 3 percent relative ^ ld !^e f ore 
testing for wet/tensile strength. The test results are tabulated below. Handsheets of 
same basis weight which were not treated with the novel reaction product had wet 
tensile strength of only 1.80 lbs/in. width. 

Table II 



10 



15 



20 



Soaking Time 
Min. 


Ageing Days 


Wet Tensile 
Strength lbs/in. 
of width 


0 


0 


8.8 


5 


0 


7.74 


30 


0 


6.50 


60 


0 


5.30 


180 


0 


4.7 


5 


3 


9.1 


5 


7 


10.6 



It can be seen from the above data that the use of the novel reaction product of 
9<5 the present invention provides improved wet tensile strength for paper. It is also seen 
that ageing of the treated paper for several days provides additional improvement in 
wet tensile strength. Similar increases in wet tensile strength values can be obtained 
by ageing at 105° C. for 10 minutes, for example. 

Example XI. 

30 Handsheets having a basis weight of 40 lbs. for 500 sheets 24 x 36 in. were pre- 

pared from bleached Kraft pulp beaten to 540 cc. Canadian Standard *™ J"SS 
had been mixed with dispersions of 1.0 weight percent dialdehyde starch, 0.7 weight 
percent dialdehyde stardi an dthe reaction product containing 0.7 weight recent di- 
aldehyde starch and 0.3 weight percent hypochlorite oxidized starch, respectively, lest 

35 strips cut from the handsheets were soaked In distilled water at room temperature for 
5 minutes and then the wet tensile strength were measured. The results are shown m 
the following table. 



25 



30 



35 
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Table III 



Starch Dispersion Weight Percent 



Dialdehyde 
Starch 

1.0 

0.7 

0.7 



Hypochlorite 

Oxidized 

Starch 



0.3 



Wet 
Tensile 
Strength 
lbs./in. 
of width 

7.8 

6.2 

8.4 



It can be seen from the above data that the reaction product of hypochlorite 
«SZ&S^ ^ StaPCb " USCfUl * to*™** ** « IKS 

5 yw j l. i_ Example XII. 

Handsheets having a basis weight of 40 lbs. for 500 sheets 24 x 3* in were ore- 

about 450 cc Handsheets were also prepared from this pulp which had been mixed 
with 1.0 weight percent, based on oven dry pulp, of the dkb^^^SiS^ 
10 oxidized starch reaction product of Example IX. Portions of both pu^Tw^ SeTat 

rX te Dr^ lU -, C f ° r T ^ and handshee * were then prcp^Jf^\^%!l 
pulps Dry tensile strengths were measured on test strips cutfrom these handsheets 
according to TAPPI Standard T 404 os-61. The resultsare taSeSow 



Table IV. 



Dispersion, 

Dialdehyde 
Starch 


weight percent 

Oxidized 
Starch 


Ageing 
Days 


Dry 
Tensile 
Strength 
lbs./in. 
of width 


0 


0 


0 


23.4 


0.7 


0.3 


0 


26.8 


0 


0 


7 


23.6 


0.7 


0.3 


7 


28.2 



Example XIII. 

a n,h J°. * 100 gaU ° n sa5h ^ st f el *«k fitt ed with a steam and water jacket and an 

532 addTd w?rT7»Tm d ? Brf 523 lb - °J t3p Water havin e 311 alkalini ty of 100 ppm. 
Abo added were 78 5 lb of an aqueous dispersion containing 60 weight percent of a 
dicyandiamidc-formaldehyde condensation product prepared in accordance with the 
above described preferred procedure. The kettle contents were then agitated for 5 
20 minutes Moisture-free dialdehyde corn starch (108 lb.) being about 90 fo 98 percent 

heaS1oT«V F r a 8 d 2o d r an< V? e ^ for 5 -inutes whi le P Sg 

heated to 180 F. (82° C; The reactants were employed in the relative amounts of 
70 weight parts of dialdehyde starch and 30 weight pam of the condensation product: 
Ihe steam was then turned off and agitation was continued for 30 minutes The dis- 

cooled to 160 F. (71° C.j, the pH adjusted to 4.2 to 4.4 and then passed into a spray- 

dner having an inlet temperature of about 177° C and an outlet temperature of about 

11 r ■ reSult,ng cauonic spray dried product was collected in fibre-board 

containers. 



10 



15 



20 



25 
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^ e sorav-dried reaction product prepared above was readily dispersed m diailled 
ine no° Ct to form an aqueous dispersion containing 12 weight 

10 S£ dien soaked m distilled .va,« »l ^ J^^sS-tarSS Sl& S 
,<„»!<= ar^gd. «< |»«««d ,n accord. T ^^S ijg^ »™= ■— • 

«^«>»^ , ^^^51%^otC^^^«_ 100 unto of 

25 represented by the formula 



35 



40 



CH-OH 



CH - CH - O - CH - 
t ■ « 

CHO CHO 



10 



15 



20 



25 



- with from 15 to 30 par. , b, -weight - d ™y^ 

formaldehyde or with I to 15 oa?ts height of the condensation product 

saccharide or with a mixture of 7.5 tc .15 parts Dy ^wag ° polysaccharide. 
30 and from 7.5 to 15 parts by we.ghl .of _d e h^^^ 0 ^ finely-divided solidified 
2. A composition as claimed in^aim ^rf?,*^ polysaccharide in 
reaction product of from 70 to 85 pare ; oy o anhydroglucose units of the 

which from 0.5 to 100 units out _of 1°° °* ^ e ° r V™ rep 5 resen W by the formula 
polysaccharide have been oxuhzed to g^VSSiht hypochlorite oxidized poly- 
Konffi 7 ^ K ShtVa ctdenlation product of dicyan- 
diaxnide and formaldehyde. . 1 rftmDris i n „ the finely-divided solidified 

reac^rc^^ 

5 SSJVS oSf & e OTiginal po,ysaccharides 

have been oxidized to dialdehyde units « <kf^J£S- the finely-divided solidified 
4. A compostiion as claimed m dj» 1 £7^*^ p ? od uct of dicyandi- 
reaction product of 15 to 30 part s tv y w ei dialdehyde polysaccharide 

45 amide and formaldehyde and 70 to « oy we g q{ ^ 

45 wherein from 0.5 to 100 units out of 100 of m units as defined in claim 1. 

original polysaccharide have ; been ™ d ™* ' t0 , SSismg the finely-divided solidified 
51 5. A composition .as » g^"*^ 0 fT3nsation product of dicyandi- 
reaction product of 15 to ^.P^J^gT* bv we ight dialdehyde polysaccharides 
c 0 amide and formaldehyde and ? V? f ^^tte ori-i£d anhydroglucose units of the 
50 wherein from 0.5 to 100 * X^hyde unite as defined in claim 1. 

original polysaccharide have been ™ L^j,,- c i ai m S wherein from 90 to 
6. A composition as claimed in any of ™ ™ its of ^ polysaccharide 

inn imits out of the 100 of the original anhydroglucos.- units 01 uh. f y ^ 
55 naveS S£d to dialdehyde units as defined m dun 1. 
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7. A composition as claimed in any of die preceding claims which has been solidi- 
fied by spray-drying. 

8. A composition as claimed in claim 1 substantially as described with reference 
to any of Examples I to III. 

5 9. A composition as claimed in claim 1 substantially as described with reference 5 

to any of Examples IV to VIII. 

10. A composition as claimed in claim 1 substantially as described with reference 
to any of Examples IX to XII. 

11. Cellulosic paper having improved strength properties, which paper has been 

10 treated with an aqueous dispersion of a composition as claimed in any of the preceding 10 

claims. 

1 2. A process for preparing a composition as claimed in claim 2 which comprises 
mixing in water from 70 to 85 parts by weight dialdehyde polysaccharides, from 7.5 to 
15 parts by weight hypochlorite, oxidized polysaccharides and from 7.5 to 15 parts by 

15 weight of a condensation product of dicyandiamide and formaldehyde to form a slurry 15 

containing 15 to 25 weight percent solids, heating the slurry with stirring to a tem- 
perature of from 90° to 100° C. for 5 to 15 minutes until the dispersion of the solid 
material is complete, cooling the dispersion to 70° C, adjusting the pH of the dis- 
persion to 4 to 5.5 and then drying the dispersion and collecting the finely-divided 

20 solidified product. 20 

13. A process for preparing a composition as claimed in claim 3 which comprises 
mixing in water from 70 to 85 parts by weight dialdehyde polysaccharides with from 
15 to 30 parts by weight hypochlorite oxidized polysaccharides to form a slurry con- 
taining 10 to 15 weight percent solids, heating the slurry to a temperature of from 90° 

25 to 100° C. for 5 to 15 minutes with stirring until die dispersion of the solid material 25 
is complete, cooling the dispersion to 70° C, adjusting the pH of the dispersion to 4 
to 5.5 and then drying the dispersion and collecting the finely-divided dried solidified 
product. 

14. A process for preparing a composition as claimed in claim 4 which comprises 

30 mixing in water 70 to 85 parts by weight dialdehyde polysaccharides with 15 to 30 30 

parts by weight condensation product of dicyandiamide and formaldehyde to form a 
slurry containing 20 to 30 weight percent solids, heating the slurry with sdrring to a 
temperature of from 70° to 100° C, maintaining the slurry at 70° to 100° C. with 
sdrring for 10 to 15 minutes until the dispersion of die solid material is complete, 

35 cooling the dispersion to about 70° C, adjusting the pH of the dispersion to 4 to 5.5 35 

and then drying the dispersion and collecting the finely-divided dried solidified 
product 

15. A process for preparing a composition as claimed in claim 5 which comprises 
mixing in water 75 to 85 parts by weight dialdehyde polysaccharides with 15 to 25 

40 parts by weight condensation product of dicyandiamide and formaldehyde to form a 40 

slurry containing 20 to 30 weight percent solids, heating the slurry with stirring to 
70 to 100° C, maintaining the slurry at 70 to 100° C. with stirring for 10 to 15 
min. until the dispersion of the solid material is complete, cooling the dispersion to 
about 70° C, adjusting the pH of the dispersion to 4 to 5.5 and then drying the 

45 dispersion and collecting the finely-divided dried solidified product. 45 

16. A process as claimed in any of claims 12 to 15 wherein the pH of die dis- 
persion is adjusted to 4.3 to 4.5 before drying. 

17. A process as claimed in any of claims 12 to 16 wherein the dispersion is dried 
by spray drying. 

50 18. A process as claimed in any of claims 12, 13 or 15 wherein the dispersion 50 

temperature is 95° to 97° C. 

19. A process as claimed in claim 14 wherein the dispersion temperature is 85 to 
95° C. 

20. A process as claimed in claim 15 wherein 85 parts by weight dialdehyde poly- 

55 saccharides are mixed with 15 parts by weight of condensation product of dicyandi- 55 

amide and formaldehyde. 

21. A process as claimed in claim 13 which comprises mixing in water 70 parts 
by weight dialdehyde polysaccharides with 30 parts by weight hypochlorite oxidized 
polysaccharides to form a slurry containing 10 to 15 weight percent solids, heating the 

60 slurry to 95° to 97° C. for 5 to 15 minutes with stirring until the dispersion of the 60 
solid material is complete cooling the dispersion to 70° C, adjusting die pH of the 
dispersion to 4.3 to 4.5 and then spray drying the dispersion and collecting the finely- 
divided dried solidified product. 

22. A process as claimed in claim 12 which comprises mixing in water 70 parts by 

65 weight dialdehyde polysaccharides, 15 parts by weight hypochlorite oxidized poly- 65 
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saccharides and 15 parts by weight of a condensation product of di^andiarnide and 
formaldehyde to form a slurry containing 15 to 25 weight percent solids, heating the 
slurry with stirring to 95° to 97° C. for 5 to 15 minutes ; until the dispersion of the 
solid material is complete, cooling the dispersion to 70° G, adjusting the p H of the 

5 dispersion to 4.3 to 4.5 and then spray drying and collecting the finely-divided dried 5 

solidified product, . " . . u , , 

23 A process as claimed in claim 14 wherein 70 parts by weight dialdehyde poly- 
saccharides are mixed with 30 parts by weight of condensation product of dicyandi- 
amide and formaldehyde. . ... _ A ^ in 

10 24 A process as claimed in claim 14 which comprises mixing m water 70 parts lO 

by weight dialdehyde derivatives of polysaccharides with 30 parts by weight condensa- 
tion product of dicyandiamide and formaldehyde to form a slurry containing 20 to 30 
weight percent solids, heating the slurry with stirring to 85° to 95° C maintaining the 
slurry at 85° to 95° C. with stirring for 10 to 15 minutes until the dispersion of the 

15 solid material is complete, cooling the dispersion to 70° C. adjusting the pH of the 15 

dispersion to 4.3 to 4.5 and then spray drying and collecting the Enely-divided dried 

solidified product. 
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